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Introduction

Dietary phytochemicals are becoming popular as functional foods for the nutritional supplements. The most significant of these phytochemicals is probably resveratrol (3,4',5-trihydroxy-transstilbene), a polyphenolic phytoalexin present in grapes, wines, peanuts and several other fruits and vegetables that possess
numerous health benefits [1, 2] , originally found to possess chemopreventive activity, resveratrol is now considered as a potent cardioprotective compound and the key element present in red wine that is responsible for so-called French Paradox [3, 4] . Extensive research has revealed the mechanisms of action for resveratrol and documented its action as a pharmacological preconditioning agent [5] [6] [7] . Resveratrol is a unique compound that can kill cancer cells on one hand and protect the heart cells on the another hand. Such dichotomy of resveratrol's behaviour has been explained by its opposing effects on cells depending on the concentrations [8] . For [8] . Thus, resveratrol can function both as an anti-apoptotic compound through the activation of Akt and Bcl-2 [9] and as a pro-apoptotic compound through the inhibition of the same survival proteins [8] .
Tocotrienols are a group of vitamin E isomers that are also rapidly gaining importance as dietary supplement [10] . Tocotrienols exist in four different isomers including, ␣, ␤, ␥ and ␦, depending on the position and number of methyl groups on chromanol ring. Existing literature supports the notion that among these isomers, ␥-tocotrienol possess many health benefits including cardioprotection [11] . The principle dietary sources of tocotrienols include red palm oil and rice bran oil [12] . Similar to resveratrol, ␥-tocotrienol also provides cardioprotection at a relatively low concentration [12] .
One of the important cellular pathways for the generation of survival signal includes autophagy. Interestingly, both resveratrol and tocotrienols have recently been implicated to induce autophagy. In a recent study, resveratrol was found to induce caspase-independent cancer cell death through autophagocytosis [13] , and subsequent study showed that resveratrol-induced apoptosis depends on the formation of autophagolysosomes [14] . In another related study, tocotrienol and tocotrienol-rich factor (TRF) induced autophagy in rat pancreatic stellate cells through the mitochondrial pathway [15] . Recently, a study demonstrated that autophagy is enhanced in the survival myocytes in the ischaemic heart [16] . Although [17] . [17] . 
Materials and methods
Chemicals
Cardiac function assessment
Assessment of apoptotic cell death
Western blot analysis
Left ventricles from the hearts were homogenized in 1 ml of buffer (25 
Transmission electron microscopy
Small sample of myocardium from control, IR resveratrol, resveratrolϩ3-methyl adenine, ␥-tocotrienol, ␥-tocotrienolϩ3-methyl adenine, ␥-tocotrienolϩ resveratrol, ␥-tocotrienolϩ resveratrolϩ3-methyl adenine treated hearts were fixed in 4% glutaraldehyde. For the correct identification of autophagosomes by transmission electron microscopy (TEM), we have used the helpful notes detailed in two articles [19, 20] (Fig. 3) 
Immunofluorescence techniques and image analysis
Results
Synergistic effect of resveratrol and ␥-tocotrienol on post-ischaemic ventricular recovery
Induction of autophagy by resveratrol and ␥-tocotrienol
To determinate whether autophagy contributes to the cardioprotective effect of resveratrol and/or ␥-tocotrienol, we determine the level of Beclin-1 and the ratio of LC3II/LC3I (Fig. 4) (Fig. 5) . The light microscopy on semithin section of samples treated with resveratrol, ␥-tocotrienol and resveratrol ϩ ␥-tocotrienol showed almost normal morphology (Fig. 6c, e and g) (Fig. 7) normal morphology (Fig. 6a) without ultrastructural changes  (Fig. 7a) . Ischaemia-reperfusion induced oncotic changes in the myocardium (Fig. 6b) with myofibrils disorganization, mitochondrial swelling and cellular lyses (Fig. 7b) (Fig. 7c, e and g ). Few small autophagosomes have been seen in samples with 3-methyl adenine but ultrastructural ischaemic changes (mitochondrial swelling, dilated cisternae of endoplasmic reticulum, myofibrils contraction or disruption) were more prominent (Fig. 7d, f and h ).
3-MA clearly showed oncotic changes with myofibrillar contraction bands and vacuolar degeneration (Fig. 6d, f and h). To visualize the autophagosomes, transmission electron microscopy was employed. As shown in TEM images
Differential effects of resveratrol and ␥-tocotrienol on activation of mTor
To examine the mechanisms of initiation of the autophagy, we studied the level and the phosphorylation status of mTOR. We found extensive phosphorylation of mTOR at baseline condition, which was slightly lowered after ischaemia/reperfusion (Fig. 8) . In case of resveratrol treatment, the phosphorylation of mTOR was almost identical to the vehicle treated I/R control, and enhanced after Wortmannin treatment. In contrast, ␥-tocotrienol treated hearts displayed lower level of p-mTOR as well as mTOR. Similar to the ␥-tocotrienol treated hearts, the dual treated hearts also showed lower level of p-mTOR (Fig. 8) .
Discussion
The Although autophagy was initially believed to be involved in non-apoptotic form of programmed cell death, recent studies have changed this concept by demonstrating that autophagy can also cause cell survival. For example, up-regulation of autophagy was observed in chronically ischaemic swine myocardium, and autophagy was more pronounced in the surviving area [16] . Another related study demonstrated the protective role of macroautophagy in cardiac HL-1 cells challenged by ischaemic/reperfusion injury [22] . Recently, Yitzhaki et al. showed that autophagy is necessary to achieve the cardioprotection induced by CCPA, a selective agonist of adenosine A1 receptor [23] . In our own study, we found that myocardial ischaemic preconditioning induces autophagy through the induction of Bag-1 survival protein, where inhibition of Bag-1 attenuated the autophagy and simultaneously reversing the cell survival process [21] . However, the role of autophagy in mediating cell death or survival remains controversial and the underlying signalling mechanisms are unclear. The word 'autophagy' denotes a process of self-cannibalization through a lysosomal degradation pathway that involves sequestration of intracellular organelles into autophagosomes [24] . In this respect, autophagy is a self-clearing process to remove the dying or unwanted cells, an alternate mechanism for proteasomal degradation, which can generate a survival signal, as in the case of myocardial ischaemia [25] . Our results show that at a low concentration, resveratrol and ␥-tocotrienol induced autophagy and generated a survival signal. These results are consistent with previous reports, which shows that resveratrol [2.5-25 M] and ␥-tocotrienol [0.3 mg/kg] at low concentrations could protect the myocardium from ischaemia reperfusion injury [8, 12] [8] .
arrow). (B) Cardiomyocytes in IR show ischaemic lesions with myofibrillar disorganization of (*) and mitochondria with swelling and dense structures (arrowheads). (C) Two early autophagosomes contain mitochondria (m) and small amount of cytoplasm (c) enclosed in a double membrane (arrows). (D) Cardiomyocytes with swelled mitochondria, segmental loss of myofibrils (*) and a small autophagosome (arrow). (E) Early autophagosome containing five mitochondria (m) limited by the double membrane (arrow). (F) Oncotic cardiomyocyte shows condensed sarcomeres (*), mitochondrial swelling, a lysosome (ly) and an autophagosome (arrow). (G) An autophagosome that contains two mitochondria (m) and cytoplasmic material (c
Recently, Xi and colleagues have shown that resveratrol could protect the heart also when it was administrated at the onset of reperfusion. The authors found that resveratrol could protect the heart from reperfusion injury by modulating the mPTP opening in a GSK-3␤-dependent manner [27] [28, 29] . Ischaemia/reperfusion-mediated autophagy occurs via upregulation of Beclin-1 [30] , and the activation of Beclin-1 at the site of injury denotes the induction of autophagy. Beclin-1-independent autophagy may also occur in certain cases [31, 32] [36, 37] . A previous study also indicated that 3-MA inhibited autophagy in hepatocytes [38] and resulted in [21, 40] 
